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Hummingbird-mediated pollen flow across a
cloud forest edge
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Department of Public Policy Analysis, Pomona College
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ABSTRACT
Non-territorial hummingbirds that visit more than one species of flower in mixed order can deposit pollen on
heterospecific stigmas as they forage. Pollen dispersed to incorrect species lowers the reproductive success of both
the pollen donor and recipient plants. While highly specific relationships between some plants and their
hummingbird pollinators probably evolved to reduce this type of heterospecific pollen flow, these relationships may
break down in severely disturbed areas. This may lead to high rates of pollen deposition at inappropriate flowers.
This study looked at hummingbird-mediated pollen flow across a primary cloud forest-pasture ecotone in
Monteverde, Costa Rica. While virtually no plant species occur in both habitat types, almost two-thirds of the 89
pollen species observed were found on both sides of the forest-pasture edge, indicating that heterohabitat pollen
transfer was occurring. In addition, pollen species shared between habitats was consistently high both within
(pasture-pasture and forest-forest) and between (pasture-forest) habitats, suggesting that similarity of plant species is
not a good predictor of similarity in deposited pollen species. If heterospecific pollen flow is acting as a major
limiting factor of reproductive success for hummingbird-pollinated plants located along a forest edge, then even
forest species that continue to be visited by their pollinators after fragmentation may be at risk, as specific pollinator
plant interactions are disrupted.

RESUMEN
Los colibrís que no son territoriales y que visitan más a una especie de flores en un orden variado pueden depositar
el polen en las estigmas de diferentes flores mientras buscan néctar. El polen que se dispersa a las especies
incorrectas se baja el éxito reproductivo del donante de polen y las plantas destinatarias también. Aunque relaciones
específicas entre algunas especies de colibrís y las plantas que polinizan probablemente evolucionaron para reducir
este tipo de flujo, estas relaciones pueden derribar en las áreas alteradas, resulta en la deposición de polen a las
flores no apropiadas, con las velocidades más altas. Este estudio investigó el flujo de polen por los colibrís entre el
bosque nuboso primero y el hábitat del pasto a través de un borde antinatural en Monteverde, Costa Rica. Mientras
solamente pocas especies de plantas ocurren en los dos tipos de habitaciones, se encontraba más de 60% de las 89
especies de polen en los dos lados del borde, que indica que el transladamiento del polen de especies diferentes
ocurría. Además, las especies de polen que ocurrieron en todos las habitaciones (pasto-pasto, bosque-bosque, y pasto
bosque) estaban consistentemente alta, que sugiere que las semejanzas entre las habitaciones no indica bien de la
semejanzas entre las especies depositadas de polen. Si el flujo de polen sea un factor limitante del éxito reproductivo
de las plantas que son polinizados por los colibrís que están al borde del bosque, también las especies del bosque que
continúan de tener visitas por polinizadores después de la fragmentación serían ser en peligro de la creación del
borde cuando las relaciones entre las plantas y las polinizadores están disruptados.

INTRODUCTION
In the tropics, non-territorial hummingbirds (Trochilidae) act as major pollinators for a wide
variety of plant species. These “hermit” or “traplining” species establish semi-permanent feed

routes that they visit in predictable, repetitive patterns, collecting nectar and transferring
pollen from flower to flower, often over relatively long distances (Long 1997). While the
average pollen dispersal distance is generally less than 50 m (Linhart and Feinsinger l980),
hummingbird-dispersed Malvaviscus pollen has been recorded to travel up to 225 m (Webb
and Bawa 1983). Hermit hummingbirds forage from a variety of plant species along a trapline
carrying mixed-species pollen loads (Feinsinger 1983), and can transfer pollen to
heterospecific flowers in the process (Feinsinger and Murcia l996). This type of pollen loss
can be very significant, as it has been estimated that only 3% of hummingbird-mediated
pollen reaches the stigmas of conspecifics, and that between 70 and 90% is lost during
transfer, most likely- deposited on heterospecific flowers (Webb and Bawa l983). Unfaithful
pollination behavior may have a serious impact on plant reproductive success of both the
pollen donor and recipient species (Feinsinger and Murcia 1996). To the pollen donor, pollen
transferred to incorrect species is lost or wasted, reducing the amount of pollen available to be
successfully transferred to conspecifics (Waser 1978). Besides being unusable, heterospecific
pollen deposited on the recipient plant stigma may interfere physically and chemically with
fertilization. The "wrong" pollen can effectively block or clog a stigma, decreasing a
recipient's ability to receive and/or use conspecific pollen (Murray and Kinsman 1986). Even
a single heterospecific visit between conspecific visits can have a major impact on plant
reproductive success (Feinsinger and Murcia 1996).
Over evolutionary time, pressure to minimize heterospecific pollen transfer can lead to
reduced pollinator overlap between plant species (Feinsinger 1973). Hummingbirds and
hummingbird-pollinated plants are a good example of an evolved mutualistic relationship
(Feinsinger 1983) which can be highly specific (Endres 1994). However, anthropogenic
disturbance (such as clearing land for pasture) can disrupt specialized relationships such as
those that have evolved between flowers and pollinators (Busby 1988). Disturbance often
brings together species that may not have evolved together, which can result in fewer tight
mutualistic relationships (Linhart et al. 1987, Busby 1988). Consistently, disturbed forest
areas have been shown to support fewer highly specialized hummingbird/flower interactions
(Feinsinger 1973).
If hummingbird-pollination is less species-specific in disturbed areas, then it would
follow that heterospecific pollen transfer by hummingbirds is an even more significant
component of pollination interactions across forest-pasture edges than in undisturbed habitats,
where it has traditionally been studied. This is important because worldwide tropical
deforestation rates are high and increasing. Rates of forest clearing and fragmentation have
been estimated at 15 x 106 ha annually (Laurance et al. 1997), and in Costa Rica alone, annual
deforestation rates approach 2.5% of total remaining forest area (Groom 1997). Most
fragmentation and deforestation in the tropics is converting continuous habitat into forest
fragments surrounded by cleared areas (Turner 1996), increasing the proportion of edge to
interior habitat as well as the relative importance of edge-effects, such as pollinator/plant
interaction disruptions, on remaining forest (Linera et al. 1998). And edge effects have been
shown to extend long distances into tropical forests (Malcom 1994).
This study examined hummingbird-mediated pollen flow across a forest-pasture edge in
the Monteverde cloud forest. The high elevation cloud forests of Monteverde, Costa Rica present
a good opportunity to study hummingbird-mediated pollen flow because so many flowers rely
heavily on hummingbirds for pollination. Hummingbirds, which are capable of foraging year
round in windy, cool, and rainy cloud forest conditions, at least occasionally visit over one- sixth
of Monteverde angiosperms (Linhart et al. 1987). Hermit hummingbirds visit a wide variety of
Monteverde plants in mixed order, losing a substantial amount of pollen between conspecific

visits. This has been found to reduce fertilization of recipient plant (Feinsinger 1973). Certain
Monteverde hummingbirds, especially Phaethorninae and Trochilinae subfamilies, also forage
between open and interior habitats across an edge (Feinsinger 1973, 1983). However, plant
species composition differ between open pasture and forest communities across tropical forest
edges (Linera et al 1998). This indicates that instead of effectively pollinating flowers, traplining
hummingbirds foraging across an edge are more often moving pollen to heterospecific recipients
at inappropriate locations.
A simple method of detecting heterospecific pollen transfer is determining whether
pollen from interior forest plant species is being brought outside the forest, where few or no
conspecifics are present. I hypothesized that this type of heterohabitat pollen flow was
occurring, and therefore that pollen from interior forest species would be found in the
disturbed pasture area (and the reverse). Any pollen species found on both sides of the forest
edge can be assumed to be hetero-specifically dispersed, as pollen grains would not have been
deposited on conspecifics once outside their natural habitat (Linera et al. 1998). If a great deal
of pollen is being transferred out of appropriate habitats by hummingbirds, then heterospecific
pollen transfer may be limiting the reproductive success of hummingbirds, then heterospecific
pollen transfer may be limiting the reproductive success of hummingbird-pollinated flowers
on both sides of an artificial edge.
METHODS
Data collection for this study occurred between April 10th and May 7th, 2002.
Study sites and feeder transects
Previous studies in Monteverde have determined that hummingbirds will visit hummingbird
feeders containing sugar water and deposit previously collected pollen (Martin 1999). Five 60
m transects, located approximately 50m apart, were set up perpendicular to the primary forest
edge in fallow pasture and cloud forest. Transects were located southwest of the Estación
Biológica de Monteverde, in Monteverde, Costa Rica, between 1475 and 1540m on property

Figure 1: Feeder arrangement across each pasture-forest transect

of the Estación Biológica, Marvin Hidalgo, Turid Forsyth, and the Masters family. Each
transect extended 30 m into the forest and 30 m into a pasture area (Figure 1). Pasture land had
been left fallow for approximately 10 years, and although dominated by grasses, some tree and
shrub species characteristic of regenerating areas were present. Along each transect, five red
plastic hummingbird feeders were placed 15 m apart as in Figure 1. The 25 feeders were kept
consistently filled with a 20% sugar-water solution during the two weeks prior to pollen
collection.
Pollen collection and analysis
Deposited pollen was collected from each feeder along five transects over the week of April 27,
2002. Pollen was collected by pressing clear plastic tape around the rim of each feeder hole, and
immediately mounting it onto a glass microscope slide. Pollen grains are generally very
heterogeneous in shape, size, and color, and thus species can be differentiated using a
compound microscope (Dialux model, Leitz-Wetzler, Germany) at 400 magnification. The
richness and composition of pollen species present at each feeder were determined and
accumulated across transects. Richness was compared with a Kruskal-Wallis tests between
transects and locations, using StatView 5.0.1 statistical program. Standard shared species
indices (Jaccard and Sorenson) were calculated using the Estimates program (Colwell 1997).

RESULTS
A total of 89 different pollen species was collected from the 25 feeders along the five transects
(Figure 2). The frequency of occurrence varied from 11 species present on only one feeder to
one species present at 24 of the 25 feeders. Only 12.36% of species were present on 20 feeders
or more, and 43.82% of species were present at three or fewer feeders. Mean and cumulative
species richness by location is presented in Figure 3. There was no significant difference
between richness at different distances from the edge (Kruskal-Wallis, H corrected for ties =
3.130, P > 0.5). However, there was a significant difference between species richness between
transects (Kruskal-Wallis, H corrected = 12.648, P = 0.0131).
As a measure of the range of pollen flow perpendicular to the edge, the maximum
distance between observations of each species was determined (cumulative for all transects).
The average maximum dispersal distance for species that were observed at least twice was
46.29 m (s.d. = 17.83). More than half the species observed crossed-over the ecotone and were
present both in the pasture and in the forest habitats and over two-thirds were present in at least
one habitat and on the edge (Figure 4). The increased incidence of observation of a species was
directly related to probability of crossover (Figure 5).
Jaccard and Sorenson indices of community similarity were calculated for the total
species observed at each of the five locations as a measure of species turnover between each
distance from the edge. No relationship between the distance between locations and similarity
indices was observed (Figure 6). Both Jaccard and Sorenson indices were slightly higher for
within habitat comparisons (forest-forest and pasture-pasture) than for between habitat
comparisons (pasture-forest) (Figure 7).

DISCUSSION
The asymptotic species-by-transect curve suggests that sampling was near exhaustive and that
the total species richness across habitats was approximately 90. There was no difference
between richness at each transect location, suggesting that hummingbirds deliver similarly

diverse pollen loads at the pasture, edge, and forest habitats. Richness varied more between
the same location on different transects than between habitat types, further emphasizing that
habitat type has no effect on species richness.
At first glance, the high proportion of pollen species (43.82%) observed at three or
fewer feeders suggests that most pollen is highly localized. But a more in depth examination
(Figure 5) shows that the probability of dispersal crossover (presence on both sides of the
edge) was directly related to species incidence. Thus, more common pollen species are more
likely to be found in multiple habitats, and only species observed very infrequently (usually
less 5 times) were not carried across the edge. If most pollen species were localized (as would
be expected if pollen transfer was occurring primarily within rather than between habitat
types) then both common and rare species would stay in one habitat type. Instead, localization
seems to increase with rarity.
Roughly twice as many crossover-species than single-habitat species were recorded.
Most species (59.55%) were present in both habitat types across the transects, and since very
few plant species occur both in cleared pasture and mature cloud forest habitats (Linera 1998),
these data indicate that hummingbirds are bringing pollen into inappropriate locations.
Regardless of whether pollen originated from pasture or forest species, the majority of pollen
species were deposited (at least half the time) where few if any conspecifics were present.
This supports my hypothesis that pollen species are moving into habitats where they clearly
do not belong, and being deposited at heterospecific flowers. This is also consistent with
previous studies in Monteverde (Feinsinger 1973, Feinsinger and Murcia 1996).
Additional support of the heterohabitat pollen flow hypothesis is that the percent of
deposited pollen species shared between transect locations was consistently very high, regardless
of distance apart. This indicates that feeders closer together did not share more species than
those further apart, as would be expected if hummingbird foraging was highly localized by
habitat type (Figure 6). Within-habitat comparisons did show slightly greater similarity in
species composition than between-habitat comparisons, suggesting that similarity of habitat may
be more important than distance in terms of similarity of deposited pollen species composition
(Figure 7). However, this difference was very slight (63 within to 60 between (Jaccard) and 77
within to 75 between (Sorenson)). If hummingbirds were primarily moving pollen effectively to
conspecifics, then similar habitats should have more similar pollen species composition than
different habitats. Instead, pollen species shared within habitats were comparable to species
shared between the furthest two habitats, indicating that habitat similarity is not a good predictor
of pollen species compositional similarity. Because species similarity of flowering plants is
much greater within habitats than between pasture-forest habitats across an edge (Linera et al.
1998), the high degree of shared pollen species between habitats could only have occurred if
pollen was physically transported across the edge by hummingbirds. This is consistent with my
heterohabitat pollen transfer model where species are transferred long distances across the forest
edge into habitats where they do not belong. It is also supported by Murray and Kinsman (1986),
who found that in areas of high floral diversity, heterospecific pollen interference decreased
effective pollination rates.
While this study originally intended to measure hummingbird-mediated pollen flow
exclusively, observations of a variety of insect species in, on, and around the feeders suggests
that some pollen grains may have been insect rather than hummingbird deposited. Insects
observed were primarily Hymenoptera (bees, wasps, and ants), and were observed roughly
evenly at all locations along the transect. While unexpected, the inclusion of insect-pollinated
plants actually provides a broader measure of total pollen flow across the edge, and may help to
explain why total species observed was so high (S = 89). However, because total insect sightings

at feeders was much less than hummingbird sightings (personal observation) and because
feeders are adapted specifically for hummingbirds, I can assume that the vast majority of pollen
I collected was hummingbird-mediated. Because pollen was not identified, differences between
hummingbird and insect-mediated pollen flow is outside the scope of this study, and no
conclusions can be drawn about which animals transferred each pollen species to feeders. In
future experiments, identifying pollen grains to species and correlating them with probable
animal pollinators would provide information about how different organisms are moving pollen
across the edge. Pollen identification combined with feeder observation could also allow for
correlations to be made between hummingbird species and type of pollen transfer. These types
of studies would help to pinpoint which hummingbirds are the most significant mediators of
heterospecifically dispersed pollen. Using longer transects, future studies could also determine
how far into both habitats hummingbirds are delivering pollen to incorrect stigmas.
Most studies demonstrating the many and complicated impacts of edge creation on forest
systems have focused on habitat microclimate and species compositional changes (Turner 1996).
I propose that another, more subtle impact of edges may be the disruption of evolved species
interactions such as those between plants and hummingbird pollinators. In light of evidence that
effective conspecific pollen deposition is a major limiting factor for reproduction success of
hummingbird-pollinated flowers in Monteverde (Murray and Kinsman 1986), I suggest that
anything that further limits conspecific pollen transfer could significantly impact a flower's
chances of becoming fertilized. Thus, long distance pollen transfer by traplining hummingbirds,
a highly specific relationship that presumably coevolved to reduce heterospecific pollen transfer,
may be seriously impacting plant reproductive success in disturbed systems like this one where
heterogeneous habitats are located close together. These data suggest that even in areas where
pollinator species persist after fragmentation, high levels of heterospecific pollen flow across the
edge can reduce reproductive success of plants near forest edges. As mixed species pollen loads
have been shown to reduce effective pollination rates of rare species, increasing the likelyhood
of their local extirpation (Feinsinger 1973), this type of heterohabitat pollen flow may be
decreasing species richness of hummingbird-pollinated plants near cleared edges. Data further
support the idea that while hummingbird/flower relationships may be able to persist across
small-scale, naturally forming gaps (Linhart et al. 1987), large-scale, permanent clearings may
have a much larger impact on evolved species interactions than was previously suspected (Busby
and Murray 1988). If the proportion of forest habitat located close to cleared edges continues to
increase throughout the tropics, than reproductively-limiting edge-effects of this type may
become even more important.
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